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[57] ABSTRACT 
A method for the in-situ boron doping of polycrystal 
line silicon is disclosed wherein the boron-to-silicon 
ratio is increased beyond the limit of solubility of 
boron in silicon. Using appropriate flow rates of SiH4, 
B2116, and H2, and deposition temperature, boron rich 
silicon is deposited upon a substrate. The boron is in 
solution in the silicon to the limit of its solubility and 
is present in excess amounts in boron-rich phases be 
lieved to be boron silicides. The deposited boron-rich 
polycrystalline silicon is subjected to a thermal oxida 
tion step during which the dissolved boron is depleted 
into the growing oxide while the boron-rich phases de 
compose allowing the freed boron to go into solution 
in the silicon to replace the boron which is lost to the 
thermal oxide. By proper selection of parameter val 
ues, based upon experimentally determined silicon 
resistivity-to-BzH? ?ow rate-to-thermal oxidation rela 
tionships, the boron-rich phases are substantially elim 
inated from the polycrystalline silicon at the same 
time that the thermal oxidation step is completed 
thereby yielding minimum resistivity doped silicon in 
the ?nal structure. 

5 Claims, 2 Drawing Figures 
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BORON SILICIDE METHOD FOR MAKING 
THERMALLY OXIDIZEI) BORON DOPEI) 
POLY-CRYSTALLINE SILICON HAVING 

MINIMUM RESISTIVITY 

BACKGROUND OF THE INVENTION 

As is well known. the thermal oxidation of boron 
doped silicon causes boron depletion to occur in the 
silicon with the boron tending to concentrate in the 
growing oxide. The depletion of the boron causes the 
doping level. and hence the resistivity ofthc unoxidized 
silicon. to be inlluenced. More particularly. as the 
boron increasingly is depleted from the silicon. the re 
sistivity of the remaining silicon increases. 
Typical application of polycrystalline silicon in inte 

grated circuit semiconductor devices require that the 
polycrystalline silicon be quite heavily doped. i.e.. that 
the electrical resistivity of the polycrystalline be as low 
as possible. Moreover. the doped polycrystalline silicon 
typically is subjected to subsequent high temperature 
operations including thermal oxidation. It will be noted 
that the aforementioned boron depletion effect which 
takes place during thermal oxidation is in con?ict with _ 
the requirement that the remaining polycrystalline sili 
con he doped to the limit of boron solubility after the 
oxidation is completed. 

SUMMARY OF THE INVENTION 

Excess boron. beyond the limit of solubility in poly— 
crystalline silicon. is introduced into the silicon bulk by 
the in_situ boron doping of polycrystalline silicon while 
it is being grown at a temperature in the range from 
about 750°C to about 950°C using hydrogen and gase- ' 
ous reactants containing boron and silicon. The 
method causes the localized formation of a distinctly 
new material. as evidenced by such physical properties 
as etch rate and resistivity within the silicon bulk. The 
new material is believed to be one of the boron sili 
cidesv 
The new material apparently is not wholly stable and 

converts to ordinary doped polycrystalline silicon at 
thermal oxidation temperatures in the range from 
about 800°C to about l150°(.‘ if the solubility of the 
boron in the silicon is not exceeded. In accordance with 
the present method. the boron-rich new material within 
the grown polycrystalline silicon is utilized as an inter 
nal source of boron which replenishes the boron (in so 
lution in the silicon) as it becomes depleted by loss to 
the growing oxide during the thermal oxidation step. By 
proper selection of empirically determined process pa 
rameters the amount of boron remaining in the poly 
crystalline silicon upon the completion of the thermal 
oxidation step is substantially at the limit of solubility 
of boron in silicon so that the thermally oxidized poly 
crystalline silicon is characterized by minimum resistiv 
ity. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a plot showing the relationship between ef 
fective silicon resistivity and boron flow rates; and FIG. 
2 is a series of superimposed plots showing the interre 
lationship between effective silicon resistivities, boron 
flow rates and thermal oxidation times in accordance 
with the method of the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Excess boron is added to a growing polycrystalline 
silicon layer on a suitable substrate,'e.g.. silicon nitride. 
to form localized precipitates of a boron-rich silicon 
compound (apparently a boron silicide) within the sili 
con bulk. the compound containing more boron than 
can be dissolved in the silicon. The compound converts 
to ordinary boron doped silicon at thermal oxidation 
temperatures thereby acting as a source of boron dop 

- ant during thermal oxidation of the doped polycrystal 
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line silicon to replace the boron in solution which is lost 
to the oxide whereby maximum boron is maintained in 
solution in the silicon at all times. 
A typical process for the in-situ boron doping of poly 

crystalline silicon comprises the vapor-phase reaction 
of SiHh 82H‘; and H2. For example. 5 percent of SiH. 
in N2 at a mixture llow rate of 350 cubic centimeters 
per minute. .05 percent 82H" in H2 at a mixture flow 
rate in the range from about 800 to about 3000 cubic 
centimeters per minute and H2 at 30 liters per minute 
reacting in a chamber at about 800°C produce depos 
ited boron doped polycrystalline silicon on a suitable 
substrate such as silicon nitride. Unlike the case where 
boron is vapor diffused into a previously provided layer 
of polycrystalline silicon. where resistivity decreases as 
the boron concentration in the silicon increases, the 
above described in-situ doping process produces in 
creasing resistivity as the boron concentration in the 
silicon increases beyond the solubility limit. 

FIG. 1 is a plot of average resistivity of in-situ boron 
doped polycrystalline silicon samples. each sample 
being produced in a horizontal pyrolytic deposition ap 
paratus with a different boron concentration in the sili 
con. More specifically. FIG. 1 shows that the resistivity 
of the boron doped silicon decreases. as expected. as 
the boron-to-silicon ratio increases toward 1:18 (corre 
sponding to boron dopant ?ow rates below about 600 
cubic centimeters per minute). Under these conditions. 
there exists an optimum ?ow rate of boron dopant 
(about 600 cc’s per minute in the example given) 
which yields a minimum resistivity in the doped poly 
crystalline silicon of about 2.5 X 10-” ohm-centimeters. 
As the boron dopant flow rate is increased beyond 
about 600 cc’s per minute (increasing the boron-to 
silicon ratio beyond about 1:18) the resistivity of the 
polycrystalline silicon has been found to increase as 
shown in FIG. I. It is thought that one of the boron sili 
cides begins to form at the relatively high boron-to 
silicon ratios and that this relatively insulating phase is 
responsible for the increased resistivity values. 
Experimental evidence has been obtained using 

boron doped polycrystalline silicon samples produced 
using boron dopant ?ow rates below about 600Vcc‘s per 
minute in the example represented by the curve of FIG. 
I with the finding that upon thermal oxidation, a no 
ticeable rise in resistivity occurred. On the other hand, 
when samples obtained using boron dopant flow rates 
in excess of about 600 cc’s per minute were subjected 
to thermal oxidation. the resistivity of the silicon was 
found to be less following the oxidation than before the 
oxidation. Additionally, it was noted that a surprisingly 
large amount of oxide is formed upon the thermal oxi 
dation of polycrystalline silicon containing excess 
boron beyond the limit of solubility and that the 
amount of oxide generated per unit silicon consumed 
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is greater in the over—doped samples than in those sam— 
ples containing boron in amounts below the limit of sol 
ubility. 
The effect whereby resistivity of thesilicon is re 

duced rather- than increased by thermal oxidation when 
the silicon is "overdoped“ is demonstrated by the su 
perimposed plots of FIG. 2. Curve 1 of FIG. 2 is derived 
from resistivity measurements made on a number of 
samples. each of which is produced in a vertical cylin— 
drical pyrolytic deposition apparatus by the same pro 
cess with the exception that different boron dopant 
flow rates were employed. More particularly. three 
samples using flow rates of 200. 800 and 1600 cc‘s per 
minute of boron dopant were made. The other process 
parameters used were SiH, (5 percent in N2) —500 
cubic centimeters per minute and H2 -65 liters per min 
ute at a temperature of about 930°C and deposition 
time of 30 minutes. Curve 1 is drawn between the mea 
sured resistivity-values of these three samples, none of 
which was subjected to thermal oxidation. Each of the 
three samples subsequently was subjected to successive 
thermal oxidation steps. Curve 2 represents the resistiv 
ity data obtained when each of the three samples was 
subjected to 7.5 minutes of thermal oxidation at a tem 
perature of about l050°C using steam. Similarly. 
(‘urves 3 and 4 are drawn from the measured resistivity 
values of the same three samples when subjected to ad 
ditional thermal oxidation treatments of 7.5 minutes 
and 15 minutes, respectively. Thus. Curves l. 2. 3 and 
4 respectively respresent measured resistivity values for _ 
the same three samples when subjected to thermal oxi 
dations of 0. 7.5‘ l5 and 30 minutes respectively. 

It will be noted that each of the curves 1-4 exhibits 
a resistivity minimum and that the resistivity minimum 
is less for the curves representing the longer thermal 
oxidation times and that the minimums occur at higher 
BQH‘i flow rates. For any given integrated circuit semi~ 
conductor process. however. wherein the thermal oxi 
dation conditions are predetermined, an appropriate 
born dopant ?ow rate can be preselected for depositing 
the in<situ boron doped polycrystalline silicon so that 
upon completion of the subsequent thermal oxidation 
step‘the resistivity of the silicon is at a minimum value. 
Minimum resistivity is desired for such applications as 
doped polycrystalline silicon gate electrodes for field 
effect transistors, doped polycrystalline lield shields. 
etc“. It can be seen by reference to FIG. 2 that boron 
dopant flow ‘rates’ of about 700 cc‘s per minute, 900 
cc‘s per‘ minute. and 1,000 cc‘s per minute. respec~ 
tively, should be selected for minimum resistivity if the 
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thermal oxidation times to be used is 7.5. 15. and 30 
minutes. respectively. Although the data on which the 
plots of HG. 2 are based were derived using specific 
SiH4 . BZHG. and H2 gaseous reactant ?ow rates at a sple~ 
cific reaction temperature. it will be obvious to those 
skilled in the art that similar data can be experimentally 
obtained in advance using samples produced by differ 
ent combinations of the in-situ ‘doped deposition pro 
cess parameters. It also can be seen that the resistivity ‘ 
data may be plotted as a function of the SiH4 mixture 
llow rate. rather than the 82H‘; mixture flow rate, for‘ 
constant values of the other deposition parameters. 
While this invention has been particularly described 

with reference to the preferred embodiments thereof, 
it will be understood by those skilled in the art that the 
foregoing and other changes in form and details may be i 
made therein without departing from the spirittand 
scope of the invention. 
What is claimed is: 
l. The method comprising 
providing a substrate suitable for the deposition of 

polycrystalline silicon 
depositing polycrystalline silicon on said substrate in 

the presence of boron. the concentration of said 
boron in the deposited polycrystalline silicon ex 
ceeding the limit of solubility of boron in silicon at 
localized areas within the bulk of said deposited 
polycrystalline silicon. said concentration being at 
said limit within said deposited polycrystalline sili-‘ 
con at other than said localized areas. and subse 
quently ‘ 

oxidizing said deposited polycrystalline silicon at a 
temperature in the range from about 800°C to 
about [150°C 

2. The method de?ned in claim 1 wherein the ratio 
of said boron to said silicon is in excess of about 1:18 
during said deposition. 

3. The method defined in claim 1 wherein SiH_,, BzH? 
and H2 are used in depositing said polycrystalline sili 
con on said substrate at a deposition temperature in the 
range from about 750°C to about 950°C. 

4. The method defined in claim 1 wherein said depos 
ited polycrystalline silicon is oxidized at a temperature 
and for a time whereby the concentration of said boron‘ 
at said localized areas is made substantially equal to the 
concentration of said boron at said other than said 10 
calized areas. 

5. The method defined in claim 1 wherein said oxidiz 
ing is carried out using steam. 
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